As part of the "All Taxa Biodiversity Inventories" (ATBIs) coordinated by the European Distributed Institute of Taxonomy (EDIT), we analysed diatom communities colonizing different habitats of the Valasco Valley (Maritime Alps Natural Park). The aim of this research was to shed light on the diatom richness in an Alpine context through i) the collection of data concerning diatom communities inhabiting an unexplored watershed of the Maritime Alps Natural Park, including all of the most important aquatic habitats (comparison among river, springs and peat bogs) and assemblages (epilithic and epiphytic diatom communities); ii) analysis of the main environmental factors driving the development of diatom communities in different habitats. We completed a list of 174 diatom taxa. In general, river samples were poorer in terms of species richness than spring and peat bog ones, probably due to the selective role of the fast flow, while springs sheltered the highest biodiversity of the Valasco Valley. Peat bog communities were mainly composed of acidophilous taxa, sometimes planktonic and forming colonies. Epilithic and epiphytic samples did not show significant differences in terms of composition and biodiversity, even though it was statistically possible to identify indicator species for each assemblage. The study also highlighted the presence of several taxa included in the German Red List as endangered or decreasing, especially in the epiphytic samples. Since the water nutrient level and substrate geology were similar among habitats, the main environmental factors shaping Valasco diatom communities were water velocity and pH.
INTRODUCTION
Despite the effort to significantly reduce biodiversity loss by 2010, recent research has confirmed the extinction of several plant and animal species listed as endangered in the IUCN Red Lists, while allochthonous taxa are increasing globally (Butchart et al. 2010) . Therefore, fragile ecosystems such as Alpine streams should be carefully monitored, as they are exposed to extreme conditions due to their harsh nature Cantonati & Spitale 2009) and human exploitation (Fránková et al. 2009 ). For this reason, the analysis of biological assemblages inhabiting protected areas is a useful tool to establish reference and autochthonous communities not affected by human pressure and to identify endangered species that should be protected (Werum 2001; Fránková et al. 2009 ).
Benthic diatoms are regularly used as biological indicators for the environmental assessment of river water quality (included in the Water Framework Directive 2000/60). The analysis of diatom communities is a tool to guarantee an ecological and sustainable use of the water resources and the correct elaboration of guidelines for their preservation. In Italy, studies analysing diatom assemblages in high mountain habitats mainly cover the Eastern Alps (Cantonati 1998a (Cantonati , 1998b (Cantonati , 1999 Cantonati & Ortler 1998; Cantonati & Pipp 2000; Cantonati & Lange-Bertalot 2006; Cantonati et al. 2007; Cantonati & Spitale 2009) , while data on the Western Alps are more recent (Battegazzore et al. 2004; Falasco et al. 2007; Bona et al. 2008; Falasco et al. 2008; Mobili et al. 2008; Falasco et al. 2009a; Bona et al. 2011) .
High mountain streams are extremely oligotrophic ecosystems where the geology of the substrate represents an important environmental factor in shaping diatom communities. On the one hand, siliceous substrates shelter the highest biodiversity, with indicator species characteristic of low Ca water content. At the local scale, current velocity and pH are the most important variables influencing diatom community composition since the geology is the same among habitats (Sabater & Roca 1992; Cantonati & Spitale 2009 ). On the other hand, the importance of the substrate typology (lithic or plants) is still poorly understood and controversial: while Bertrand et al. (2004) showed no significant differences between communities developed on cobbles or macrophytes, Fránková et al. (2009) hypothesized a specific relationship between Sphagnum and diatoms. Nevertheless, studies on this topic are still rare.
In high mountains, springs usually shelter high biodiversity due to low variability of the environmental factors over the seasons. Because of their low nutrient content, moderate water flow and constant temperature, springs can be considered suitable habitats for a wide range of species (Cantonati 1998a (Cantonati , 1998b (Cantonati , 1999 . Indeed, springs offer protection for endangered and rare taxa in addition to the common oligosaprobous ones Cantonati & Spitale 2009) . At present, the only Red List available for evaluating the conservation status of diatom species is the German one (Lange-Bertalot & Steindorf 1996) : there are few historical literature data on diatom distribution and conservation status from other European countries.
This research, carried out as part of the "All Taxa Biodiversity Inventories" (ATBI), was aimed at the elaboration of plant and animal check-lists for the Maritime Alps Natural Park. We examined three different habitat types in the Valasco Valley (the main Valasco River, some rheocrene springs and peat bogs), collecting samples from stones and submerged plants (epilithic and epiphytic samples). The comparison with the German Red List provided information on the presence of rare or endangered species. In addition to the production of a complete list of diatom taxa colonizing the Valasco Valley, this research aims to provide important information concerning the ecological preferences of diatom species in relation to the most important environmental variables.
METHODS
The Italian Maritime Alps Natural Park (Fig. 1a) is located in the southernmost section of the Alpine chain close to the French border. It has been twinned with the French Mercantour National Park since 1987 but it was officially established only in 1995. Due to its proximity to the Ligurian Sea and the presence of high peaks (over 3000 m a.s.l.), the Maritime Alps Natural Park offers a heterogeneous habitat for animals and plants, with very high biodiversity.
The present study was conducted in the Valasco Valley (1760-1832 m a.s.l.). The principal watercourse is the Valasco River, flowing in the valley bottom where there are also many small springs and peat bogs.
In summer 2009, we sampled 19 sites representing different habitat types: 11 sites in the main river, 5 in small rheocrene springs and 3 in peat bogs ( Fig. 1b ). Permanently wet springs and peat bogs were chosen. At each sampling site, we evaluated the main physical and chemical parameters by means of a multiparametric probe (HYDROLAB QUANTA): conductivity, dissolved oxygen, pH and temperature. We recorded the water velocity in three different sections of each transect with a current meter (HYDRO-BIOS KIEL). Water quality parameters (N-NH 4 , N-NO 3 , P-PO 4 , BOD 5 , Ca and water hardness) were analysed by means of a Dr Lange LASA 100 spectrophotometer with analysis kits (LCK 304; LCK 554; LCK 327; LCK 339; LCK 349) .
When possible, we collected diatom communities from different substrates (31 samples from 19 sites). We sampled the epilithon by randomly choosing at least five cobbles along each sampling transect (Kelly et al. 1998) . The epiphytic communities were collected from the dominant macrophytes along the transect, including bryophytes and entire living plants, by squeezing and cutting entire portions of them (Cantonati et al. 2007) . In order to exclude moisture content variability, we chose only completely submerged substrates. All 31 samples were treated with hydrogen peroxide (100 vol.) and HCl (1N) (EN 13946, 2003) . Glass slides were mounted with Naphrax ® and analysed under a Leitz Diaplan microscope with a 100× immersion objective. Diatoms were identified mainly according to Krammer & Lange-Bertalot (1986 -1991a , Lange-Bertalot & Metzeltin (1996) , Krammer (1997a, b) , Reichardt (1999) , Lange-Bertalot (2001), Krammer (2000; 2002; 2003) and Werum & Lange-Bertalot (2004) . In a first stage of the analysis, we identified all the species on the whole glass slides in order to complete a check-list of the recorded species. Later, we defined the relative abundances by identifying at least 400 valves per sample.
Significant differences in physical and chemical parameters and biological indices (IPS, TID and diversity indices) among habitat and substrate types were highlighted with the non-parametric Kruskal-Wallis test (SPSS Statistics 17.0). Multivariate analyses were carried out with PC-ORD software (McCune & Mefford 1999) . In particular, Canonical Correspondence Analysis (CCA), Indicator Species Analysis (ISA), Multiresponse Permutation Procedure (MRPP) and Non-metric Multidimensional Scaling (NMS) were performed on biological communities, while Principal Component Analysis (PCA) was applied to the environmental dataset. ISA was used to define significantly characteristic species of habitats (river, peat bogs and springs) and assemblages (epilithic and epiphytic samples). NMS of diatom assemblages was used to test similarities and differences in diatom assemblages sampled in different habitat types and on different substrates. We set the NMS by choosing a random starting configuration: 40 runs with real data and SORENSEN (Bray-Curtis) as the distance measure. MRPP was used to test the hypothesis of no differences between the groups obtained from the NMS analysis. PCA was used to reduce the environmental dataset to a synthetic matrix to be used in the CCA analysis. The latter analysis was performed to better understand the relationships among environmental parameters and diatom communities.
RESULTS

Physical and chemical parameters
Physical and chemical parameters detected in the water column are shown in table 1. All the sampling sites were located on a siliceous substrate; indeed, the Ca concentrations were very low (below 10 mg L -1 ). In general, no differences were found among the three sampled habitat types in terms of nutrient content and conductivity: all the sites could be classified as oligotrophic, with low electrolyte content and low organic loading. The highest value of BOD 5 was detected in a peat bog (site 9060). As expected, the current velocity was significantly higher in the main river than in springs or peat bogs, where the flow was below the instrument detection limit. Moreover, the pH was significantly lower in peat bogs than in the other habitat types (p <0.01; river>springs>peat bogs).
Diatom communities
In total, 174 taxa belonging to 41 genera were recognized in the samples (see Appendix 1). In general, Tab. 1. Physical and chemical parameters recorded in the field and analysed in the laboratory. R=river, S=springs and P=peatbogs; EL=epilithic sample, EP=epiphytic sample. COND=conductivity; T=temperature; V=water velocity (mean values); HARD=hardness. * below the instrument detection limit.
Site
Site The biodiversity of diatom communities was particularly high (Tab. 3); we recorded significant differences in all the diversity indices calculated for the three Tab. 2. Typical assemblages of the three habitat types. Taxa were selected according to their abundance (>3% in at least one sample) and frequency (recorded in at least 25% of the samples belonging to a certain habitat type). Taxa are listed in order of abundance. The sampled sites offered suitable habitats for species of conservation interest. Indeed, about 30% of the recorded taxa were included in the Red List as " decreasing" or "endangered" (Lange-Bertalot & Steindorf 1996) . Peat bogs seem to provide the best conditions for species threatened with extinction (Naviculadicta detenta), severely endangered species (Eunotia botuliformis, Eunotia steineckii and Eunotia tetraodon) and endangered ones (Amphora inariensis, Cavinula pseudoscutiformis, Chamaepinnularia soehrensis var. hassiaca, Navicula angusta, Neidium alpinum, Neidium bisulcatum and Stauroforma exiguiformis). The highest percentage of taxa included in the Red List was found in epiphytic samples (35% vs 28% epilithic ones).
RIVER
There were no significant differences in the number of taxa or the biodiversity index values among epilithic and epiphytic assemblages. Nevertheless, nearly 17% of the detected species were exclusively found on plant substrates. The indicator species for epiphytic assemblages was Neofragilaria virescens (ISA; p <0.05), while A. lineare (ISA; p <0.05) was significantly present on lithic substrates.
Multivariate analyses
Non-metric multidimensional scaling (NMS) of diatom assemblages (Fig. 2) well separated communities sampled in the different habitat types: river, springs and peat-bogs (Final stress = 8.09; i.e. good ordination with no real risk of drawing false interference). Multiresponse Permutation Procedure (MRPP) confirmed the NMS findings, showing homogeneity within the three groups (A ~0.1; p <0.001) and good heterogeneity among them. Moreover, MRPP performed on epi-phytic and epilithic assemblages did not show significant separation between communities (A = 0.004; p = 0.27). Indeed, there were no significant differences in diatom composition between epilithic and epiphytic assemblages.
Considering the small range of variation of the environmental parameters evaluated in the sampled area, we created a further environmental matrix summarizing all the parameters through a Principal Component Analysis (see Fig. 3 for PCA plot). Four significant components were obtained: PC1 explained 28.7% of variance and was mainly related to pH (0.55) and water velocity (0.42). PC2 explained 22.58% of variance and was related to conductivity (-0.55) and Ca (-0.54). PC3 explained 12.72% and was related to dissolved oxygen (-0.70). PC4 explained 11.39% and was related to P-PO 4 (0.53). The coordinates (scores) of the plot were used as an environmental matrix to perform a Canonical Correspondence Analysis. The biological matrix was created by merging epiphytic and epilithic samples coming from the same site, excluding taxa detected in less than 50% of the samples and with less than 5% abundance (the final matrix included 14 taxa). The CCA summary statistics showed a high cumulative percentage of explained variance (38.8%), mostly due to the first axis (24.8%). The graphical representation of CCA is presented in figure 4: only axes 1 and 3 were statistically significant (Monte Carlo test, 99 runs). In general, the left of the graph contains rheophilous diatom species typical of circumneutral pH (PC1), while the right side contains acidophilous taxa, e.g. Eunotia exigua var. tenella and T. flocculosa. We found a good separation between Diatoma mesodon and Diatoma sp. in terms of ecological preferences: D. mesodon, lying in the centre of the graph, shows a more generalist behaviour than Diatoma sp. The latter was strongly correlated to PC1, preferring slightly basic pH and lotic conditions, but negatively correlated to PC4, i.e. mainly phosphate concentrations, thus appearing as a xenosaprobous taxon. 
DISCUSSION
The water quality of the investigated sites was very high, with chemical and environmental features typical of mountain streams in pristine areas. The highest value of BOD 5 was recorded in a peat bog, probably due to the grazing impact and static flow. Sampling sites were characterized by permanence of water, so that hydrological stability was also comparable among sampling sites and substrates. Low Ca concentrations reflected the siliceous nature of the substrate. As pointed out in other studies, when the geology and human pressure are equal within a sampling area, current velocity is the most important and selective parameter influencing diatom community composition (Sabater & Roca 1990; Cantonati & Spitale 2009 ). In our study, the pH and current velocity were the only parameters varying among the three habitat types and they were the driving force influencing diatom community composition. Obviously, pH and water velocity were significantly lower in peat bogs, with the flow often below the detection limit.
The high species richness of the Valasco Valley (174 taxa recorded at 19 sampling sites) is comparable with data obtained from other high mountain protected areas (131 taxa in 21 samples, Cantonati & Spitale 2009 ; 98 taxa in 6 samples; Battegazzore et al. 2004; 188 taxa at 39 sites Fránková et al. 2009 ) but it is higher than the value obtained from routine monitoring in nonprotected areas (88 taxa in 51 samples, Mobili et al. 2008) . The most frequent and abundant species were A. minutissimum s.l. and D. mesodon, characteristic of all three habitat types (especially springs), in agreement with studies carried out in comparable conditions and geology (Cantonati 1998b; Cantonati et al. 2007 ). In accordance with Cantonati et al. (2007) , we found high percentages of Brachysira brebissonii, Eunotia minor and T. flocculosa, especially in peat bogs, while A. pyrenaicum was less abundant. Species recently described as typical of springs on carbonate substrates, such as Achnanthidium dolomiticum (Cantonati & Lange-Bertalot 2006) , Cymbella tridentina , Geissleria gereckei (Cantonati & Lange-Bertalot 2009) and Encyonema sublangebertalotii (Cantonati & Lange-Bertalot 2010), were not found at all, confirming their strong affinity for limestone.
The characteristic assemblages found in our study (Tab. 2) were mainly composed of xeno-and oligosaprobous taxa and can be considered reference communities. The comparison between these potential communities and those found in monitoring sites could be a good tool for the evaluation of human pressure in high mountain streams. Indeed, by comparing diatom community compositions in high mountain streams not included in a protected area and heavily modified from the physical point of view, we noticed that the communities in the Valasco Valley generally lacked β-mesosaprobous taxa such as Cocconeis placentula, Nitzschia dissipata, Nitzschia fonticola or α-mesosaprobous species such as Diatoma ehrenbergii.
Indicator species of river communities were F. arcus, a rheophilous taxon, and D. hyemalis, typical of siliceous substrates (Cantonati 1998b) . A. lineare preferred lithic substrates to plant ones (see ISA) and was generally correlated with higher water velocity and negatively correlated with orthophosphates (see CCA). Another interesting result of the CCA was the definition of the autoecological preferences of Diatoma sp., already recorded in other areas of the Maritime Alps Natural Park (unpublished data) but never detected in other streams of NW Italy (including Piedmont, Aosta Valley and Liguria). The CCA results indicated that Diatoma sp. is markedly stenoecious: indeed, it seemed to be a xenosaprobous taxon, adapted to living on siliceous substrates and low electrolyte contents, preferring good dissolved oxygen levels and plants as substrates. Further taxonomic investigations, both with traditional methods and recently developed techniques (such as geometric morphometric analysis; Falasco et al. 2009b; Novais et al. 2009 ), are necessary to clarify the nature of this taxon.
The biodiversity indices were lower in the river than in springs and peat bogs: the mean Shannon index in springs was 2.34, in accordance with Cantonati et al. (2007) . Biodiversity was generally higher in the Valasco Valley than in other high-altitude streams not included in a protected area and affected by human pressure .
CCA and ISA revealed characteristic taxa of peat bogs: A. pfaffiana, E. exigua var. tenella and T. flocculosa, i.e. colonial species generally inhibited in lotic headwaters, with preferences for low pH (van Dam et al. 1994) . Moreover, N. virescens was abundant in the Valasco Valley, mainly preferring springs and peat bogs and plants as substrate.
The characteristic physical and chemical stability of springs and the presence of mosses and aquatic plants, thereby increasing the heterogeneity of microhabitats, allowed colonization by the highest number of taxa in all our samples and confirmed the role of springs as hot spots for biodiversity Fránková et al. 2009 ). We observed no significant differences in species richness or biodiversity values between epiphytic and epilithic assemblages, confirming the observation of Bertrand et al. (2004) . However, it is noteworthy that the number of species detected in epiphytic and epilithic samples was significantly higher than in samples from stones alone. About 17% of the recorded species were exclusively found on plant substrates. As pointed out by Cantonati et al. (2007) , sampling of the dominant substrates (stones, mosses, surface sediment) would be an important improvement for sampling guidelines in high-altitude streams, which presently include only sampling on boulders. The sampling of plants in lithic substrates would add important data on the presence and distribution of taxa.
The highest percentage of diatom taxa included as endangered or decreasing in the German Red List (Lange-Bertalot & Steindorf 1996) was found in peat bogs and springs. In general, endangered species showed low abundances and frequencies, the only exceptions being Amphora inariensis and Stauroforma exiguiformis (found at 16% of the sites), E. steineckii and Neidium alpinum (19% of the samples), E. botuliformis (25% of the sites). S. exiguiformis reached its abundance peak in one spring (6%). However, comparison with the Red List could present some limitations. The lack of historical data on diatom taxa distribution and abundance in NW Italy prevented direct comparison with the Italian flora, leading to uncertainty in species classification, especially for the category "in decrease". In addition, some species listed as endangered in the Red List (for example, A. inariensis and N. angusta) seem to be frequent and well distributed in our region, as confirmed by previous studies (Battegazzore et al. 2004; Falasco et al. 2008) . Moreover, the Red List has not been updated since 1996 and the percentage of taxa whose conservation status is unknown is still high. This demonstrates the importance of local and specific studies in remote areas in order to update the Red List and validate it with data from the Alpine region.
CONCLUSIONS
Despite the small sampling area, about 34% of the species were recorded only at one sampling station, underlining the importance of the preservation of every aquatic habitat of the valley, especially peat bogs. This finding of high species diversity in small habitats confirms the results of other studies, e.g. Bertrand et al. (2004) or Cantonati & Spitale (2009) . The only impact by humans affecting the Valasco Valley is pasture, and there is a substantial presence of grazing domestic herds during the summer, but the chemistry of the aquatic ecosystems has apparently not been altered. Herd trampling can represent a mechanical disturbance, compressing and eroding peat bogs, whose recovery is particularly slow (Bracco et al. 2004) . The protection of the most sensitive habitats, such as peat bogs, with temporary fences is recommended. Constructions of passageways for hikers could protect the sensitive habitats and would make visitors more aware about habitat conservation and lessen the damage from herds.
